ABSTRACT
INTRODUCTION
Supracondylar fracture and forearm bone fracture in isolation is common musculoskeletal injury in pediatric age group. Supracondylar fracture consists of 50% to 70% of elbow injury; fracture of shaft radius or ulna or both accounts for 5 to 10% all pediatric fracture and distal forearm bone fractures comprise 75% of all forearm fracture in children. 1 But combined supracondylar fracture with ipsilateral forearm bone fracture, also known as floating elbow is not common injury. 2 Some of the largest reported series of supracondyalr fracture and even some textbooks of pediatric musculoskeletal injury does not mention about such a combination of injury. 3 The incidence of this association varies between 3% and 13%. 4 Various combinations of treatment options has been suggested for this injury such as primary closed reduction of both fracture and long arm cast application or olecranon pin traction till swelling subsides and delayed long arm cast application or pinning supracondylar fracture and short arm cast application for forearm bone injury or closed reduction and percutaneous pinning for both injuries. [5] [6] [7] [8] Because of rarity of injury and limited availability of literature, choosing best management options for floating elbow is challenging. We therefore retrospectively reviewed treatment and outcome of ipsilateral supracondyalar fracture and forearm bone fracture treated over six years period in our institution.
METHOD
All pediatric supracondylar fractures, treated in Kathmandu University Hospital, Dhulikhel Hospital in between July 2005 to June 2011 were retrospectively reviewed from medical case records. Among them, supracondylar fracture with ipsilateral forearm bone injuries were identified and evaluated for demographic data, mechanism of injury, treatment method, associated complications and outcomes. Final outcomes were assessed according to Flynn's criteria.
Patients who presented with supracondylar fracture Gartland type I with undisplaced forearm bone injuries were managed in emergency room with or without mild sedation with posterior long arm back slab alone or along with short arm cast. Patients (displaced supracondylar fracture or displaced forearm bone fracture) requiring manipulation or Kirschner (K) wire fixation were posted for next available surgical day after temporary immobilization of the limb and pain control medications. Open fractures were managed on the same day of presentation with wound debridemet, fracture fixation and intravenous antibiotics.
Forearm bone fracture were reduced and fixed first before supracondylar fracture. In patients with both bone metaphyseal fracture, only radius was fixed with crossed K wires. First K wire was passed through or just proximal to radial styloid process to avoid growth plate and advanced proximally medially to cross the fracture site. Another K wire was passed from Lister's tubercle to volar and lateral side. Supracondylar fracture were reduced with standard technique and fixed with two crossed K wires or two lateral K wires with or without supplementation of third K wire depending upon stability and communiation of fracture site. Utmost care was taken not to injure ulnar nerve during passing medial wire by rolling over nerve posteriorly or making a small stab incision and passing a haemostat to palpate medial epicondyle. All the K wires bent outside skin Two patients with Gartland type I supracondylar fracture with undisplaced olecranon fracture and both bone midshaft forearm fracture were treated with closed reduction followed by long arm back slab and longarm cast respectively. Another patient with type I supracondylar fracture had ipsilateral Salter Harris type II distal radius fracture which was managed with closed reduction and per cutaneous K wire pinning and long arm posterior slab.
RESULT
Among seven Gartland type II supracondylar fracture, one had ipsilateral distal radius fracture which required closed reduction and K wire fixation and segmental ulna fracture which was managed with closed reduction and intramedullary nailing. (Fig.1 ) Rest of type II fracture which was associated with undisplaced coronoid fracture or radial head fracture or undisplaced distal both bone fracture were managed with closed reduction and long arm back slab.
Nineteen patients with Gartland type III fracture underwent operative intervention. Among them nine had closed reduction and K wire fixation for both supracondylar fracture and forearm bone injury (Fig. 2) which included two patients with growth plate injury of distal radius. Two patients had closed reduction and K wire fixation for supracondylar fracture and closed reduction and short arm cast for forearm bone injuries. Open procedure were required in eight children with supracondylar fracture (Fig.  3) including two open fractures. Only one patient with Gartland type III was managed with closed reduction and long arm cast application for both supracondylar fracture and distal third radius fracture but developed impending compartment syndrome which required splitting of cast, remanipulation and K wire fixation once swelling subsided. Patient with flexion type of supracondylar fracture was associated with Monteggia fracture dislocation which was managed with open reduction for supracondylar fracture and closed intramedullary nailing for ulna fracture followed by long arm slab. There were five (16.12%) patients with nerve injuries (Radial nerve: 3, Ulnar nerve: 1 and Median nerve: 1) among them three were associated with open supracondylar fracture among which one under went ulnar nerve repair. One patient with radial nerve injury underwent tendon transfer procedure as there was no sign of recovery even after 6 months follow up. Two patients No vascular injury was identified in the present study. Three patients had pin tract related complications which included discharge in one patient and loosening of distal radius pin in two patients.
All Gartland type I and II supracondylar fracture with ipsilateral forearm bone injury had excellent outcome and among type III, 16 (80%) patients had good to excellent result in terms of Flynn's criteria in three months follow up.
Fair result was seen in patient in two and poor result in one patient
DISCUSSION
Supracondylar fracture in children is usually due to fall on outstretched with elbow hyperextended but when additional force is transmitted through to wrist, it is associated with forearm bone injury. Greater amount of force is required for multiple bony injury of the ipsilateral limb. When forearms fracture is proximal to the junction of the middle and distal third, the lever arm of the proximal forearm segment is considered too short to generate the moment of force required to produce ipsilateral humeral fracture. 9 But this mechanism does not explain other forearm bone injuries around the elbow such as coronoid process, olecranon process or Monteggia fracture dislocation .associated with ipsilateral supracondylar fracture. The alternative mechanism of injury has been proposed by Taylor AK et al which mention that fall on outstretched hand with partially flexed elbow where normal anteversion of the distal humerus converts compressive force into shearing force which can explain other elbow injuries including distal and midshaft forearm bone fractures. 10 In the present series, there were two cases of coronoid process fracture, one radial head fracture, one olecranon process fracture and one Monteggia fracture dislocation and one proximal ulna fracture with ipsilateral supracondylar fracture.
Combined supracondylar fracture with forearm bone injury is considered high energy fracture. The force is so much that single fracture could not dissipate all the energy of trauma and there are increased chance of soft tissue injury including nerves and vessels. 11 Though we did not encounter any vascular injury, there were 16.12% (5 cases) of nerve injury which is more than reported incidence of nerve injury (7.7%) with isolated supracondylar fracture.
Similarly incidence of open fracture (12.9%) in the present study is also higher than usual incidence of 1% in supracondylar fracture in isolation. 2 Management option for displaced supracondylar fracture has evolved from conservative management with closed reduction and posterior back slab, olecranon traction to closed reduction and percutaneous K wire fixation. Various techniques of K wire fixation such as crossed K wires, lateral two K wires have been described in literature for better biomechanical stability and to decrease chance of potential iatrogenic nerve injury. 12 Similarly, distal both bone forearm fracture which is mostly treated with closed reduction and cast application has recently change in trends towards primarily closed reduction and percutaneous K wire fixation to prevent redisplacement of the fracture in the cast. 13 The incidence of redisplacement is reported up to 7% to 25% with various studies. 14, 15 But combined supracondylar fracture and forearm bone fracture which is described as difficult to treat in literature as contrast to fracture in isolation, are associated with high energy trauma, increased incidence of potential neurovascular damage and compartment syndrome. Biyani A et al reported primarily posterior slab for supracondylar facture and short arm cast for forearm fracture and olecranon pin traction or K wire fixation for supracondylar fracture only when closed reduction failed. 5 Similarly Reed et al also had also used plaster slab for both injury after fracture reduction. Both of these study reported cubitus varus deformity with incidence of 20% but did not find any compartment syndrome.
5, 16 Stanitski CL et al advocated use of olecranon pin traction or closed pinning for supracondylar fracture and short arm cast for forearm fracture. 6 Similarly, Williamson DM et al managed the supracondylar fracture by traction or manipulative reduction and percutaneous pinning and the forearm fractures were managed by reduction and casting but is associated with prolonged hospitalization and hence increased financial and psychological burden. 17 But, because of higher incidence of compartment syndrome associated with floating elbow which is reported as high as up to 33%, various authors have recommended pinning for both fracture which allows close observation of neurovascular structure and also reduces chances of redisplacement of fracture in cast or slab. 4, 11, 18, 19 Ring D et al found two patients with compartment syndrome and four patients with incipient compartment syndrome in ten patients treated with closed reduction and cast immobilization where as none of the patients with percutaneous pinning of the fractures developed compartment syndrome. 11 Roposch A et al reported redisplacement in three cases among 18 patients with forearm fractures treated with cast while none in 29 cases managed with percutaneous pinning. 4 The present series found one case of impending compartment syndrome after conservative management with cast requiring splitting of cast, remanipulation and pinning later on and similarly one case of malunited radius fracture with 20 degree anterior angulation in patient with short arm cast for distal third both bone fracture. (Fig. 4) Priority of reduction of stabilization of supracondylar fracture or forearm injury first varies among authors though no definitive study has been done in terms of outcome and complications. Those who advocate supracondylar fracture first assume that maintenance of reduction and access to the limb for neurovascular monitoring, dressings and the closure of open fractures may be difficult if the forearm fracture is treated first. 5, 9 But in the present study, we
Original Article reduced and fixed forearm bone fracture first because we believe that leaving dangling forearm during reduction of supracondylar fracture can cause more soft tissue injury of forearm and can increase chance of compartment syndrome. Similarly pronation or supination of forearm required to maintain reduction of supracondylar fracture will be safe and easy if we reduce and fix forearm bone injury first.
Final outcome in the present study as assessed by Flynn's criteria (80% good or excellent among Gartland type III supracondylar fracture) is comparable to Harrington P et al (83% good to or excellent).
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CONCLUSION
Ipsilateral supracondylar fracture and forearm bone injuries are result of high energy trauma and associated with higher incidence of nerve injury. Displaced supracondylar fracture with ipsilateral displaced forearm bone injuries need early operative management in the form of closed reduction and percutaneous pinning which provides not only stable fixation but also allows close observation for early sign and symptom of development of any compartment syndrome.
